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(57) ABSTRACT

In order to test whether a given signal of a complex circuit
has the correct behavior, a method 1s provided which makes
it possible to obtain 1n a computer memory a profile of states
of other signals. In order to minimize the processing time
and the memory space required to obtain this profile, the
method uses two binary decision diagrams starting with a
binary variable of said one signal, each with two binary
decision subdiagrams. The method combines the binary
decision subdiagrams so that the given signal 1s 1n a first
state when the binary variable 1s at a first value and 1s not 1n
this first logical state when the binary variable 1s at a second
value.
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METHOD FOR DEMONSTRATING THE
DEPENDENCE OF A SIGNAL BASED ON
ANOTHER SIGNAL

CROSS REFERENCE TO RELATED
APPLICATION

The subject matter of the subject mnvention is related to
application Ser. No. 10/049,023 filed on Feb. 8, 2002, 1n the

names of Florence AKLI, Alain DEBREIL and Christian
NIQUET, entitled “TOOL FOR AUTOMATIC TESTABIL-
ITY ANALYSIS”, the subject matter of which 1s 1mcorpo-

rated herein 1n its entirety.

BACKGROUND OF THE INVENTION 1. Field
of the Invention

The field of application of the invention 1s that of a
method for indicating a combination of signals to be applied
to a physical element in order to obtain a change 1n the state
of a given signal following a change in the state of another
signal on which the given signal depends.

2. Description of the Related Art

In complex physical elements, such as all or part of
high-density integrated circuits, signals generated by these
physical elements can depend on many other signals. It 1s
therefore diflicult to know 11 the physical element 1s behav-
ing correctly.

Before etching 1nto the silicon of electric circuits, the bad
circuits must be detected in order to avoid using them. The
technique used to sort the good circuits from the bad circuits
1s one that consists of applying stimuli to the circuit and
comparing their responses to precalculated values.

In the case of a purely combinational circuit with two
hundred 1nputs, it would be necessary to apply two to the
power two hundred combinations of binary states in the
inputs 1n order to test all the possible cases. A testing device
operating at 50 MHz would take a thousand years to test a
single circuit. These figures increase exponentially when
there are stored states in the circuit.

It 1s therefore necessary to minimize the number of
combinations of binary states to be applied to signals of the
circuit in order to find the possible faults in the circuit.

For a first signal, normally generated by a physical
clement as a function of other signals applied to this physical
element 1t 1s known from U.S. Pat. Nos. 5,434,794 and
5,737,242 to use binary decision diagrams to determine
possible binary states of the first signal resulting from
combinations of binary states of a second signal with binary
states of third signals of the circuit.

The advantage of binary decision diagrams 1s that it 1s
possible to represent 1n a computer memory, in a particularly
compact way, the combinations of binary states of signals
that lead to a given binary state of the first signal.

However, the binary decision diagrams of the prior art
provide a static image of possible combinations of binary
states of a second signal with third signals that produce a
given binary state of the first signal. It 1s therefore possible
for a combination of a first binary state of the second signal
with binary states of third signals to produce the same given
binary state of the first signal as a combination of a second
binary state of the second signal with other binary states of
third signals. Furthermore, 1t 1s possible to observe in the
physical element either the given binary state of the first
signal for the first binary state or the second binary state of
the second signal, whereas the latter results not from binary
combinations for which the physical element 1s designed,
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but from faults, such as a signal sticking in the physical
clement. Signal sticking means that a signal 1s 1n a state not
intended by design, for example a state that results from a
short circuit or from damage.

In order to ensure that the state of a first signal actually
results from the state of a second signal, 1t 1s 1mportant to
observe whether a state transition of the second signal
induces a state transition of the first signal, the states of the
other signals remaining unchanged. If, moreover, the tran-
sition of the first signal 1s does not match the transition
expected, this may be interpreted as an error.

SUMMARY OF TH.

INVENTION

(L]

The subject of the invention 1s a method that associates,
with a first signal generated by a physical element, two
binary decision diagrams in two binary states of a second
signal,

the first binary decision diagram comprising:

a first binary decision subdiagram that encodes a first set
of the combinations of binary states of third signals for
which the first signal 1s 1n a first binary state or in a
second binary state when the second signal 1s 1n the first
binary state,

a second binary decision subdiagram that encodes a
second set of the combinations of binary states of the
third signals for which the first signal 1s 1n the first
binary state or in the second binary state when the
second signal 1s 1n the second binary state,

the second binary decision diagram comprising;:

a third binary decision subdiagram that encodes a third set
of the combinations of binary states of the third signals
for which the first signal 1s 1n the second binary state or
in a first nonbinary state when the second signal 1s 1n
the first binary state,

a Tourth binary decision subdiagram that encodes a fourth
set of the combinations of binary states of the third
signals for which the first signal 1s 1n the second binary
state or in the first nonbinary state when the second
signal 1s in the second binary state.

The method includes at least one step that performs a
logical combination of the first, second, and at least one of
the third or fourth binary decision subdiagrams, said logical
combination comprising a logical conjunction of three of
said four binary decision subdiagrams wherein one of said
three binary decision subdiagrams i1s complemented, in
order to generate a fifth binary decision subdiagram that
encodes a fifth set of combinations of binary states of said
third signals.

If the complemented binary decision subdiagram 1s the
first binary decision subdiagram, the fifth set of the combi-
nations of binary states of said third signals 1s such that the
first signal 1s not 1n the first binary state or the second binary
state when the second signal 1s in the first binary state, a
disjunction with the second and third uncomplemented
binary decision subdiagrams makes the fifth set of combi-
nations of binary states of said third signals such that the first
signal 1s 1n the first nonbinary state or the second nonbinary
state when the second signal is in the first binary state, and
such that the first signal 1s 1n the first binary state or in the
second binary state when the second signal 1s 1n the second
binary state. Thus, when the second signal 1s 1n the second
binary state, the first signal 1s in the first or the second binary
state, and when the second signal passes to the first binary
state, the first signal passes to the first nonbinary state.

If the complemented binary decision subdiagram 1s the
second binary decision subdiagram, the fifth set of the
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combinations of binary states of said third signals 1s such
that the first signal 1s not 1n the first state or the second binary
state when the second signal 1s 1n the second binary state, a
disjunction with the first and fourth uncomplemented binary

decision subdiagrams makes the fifth set of combinations of 5

binary states of said third signals such that the first signal 1s
in the first nonbinary state or the second binary state when
the second signal 1s 1n the second binary state, and such that
the first signal 1s 1n the first binary state or 1n the second
binary state when the second signal 1s 1n the first binary state.
Thus, when the second signal 1s 1n the first binary state, the
first signal 1s 1n the first or the second binary state, and when
the second signal passes to the second binary state, the first
signal passes to the first nonbinary state.

If the complemented binary decision subdiagram i1s the
third binary decision subdiagram, the fifth set of the com-
binations of binary states of said third signals 1s such that the
first signal 1s not in the first binary state or the first nonbinary
state when the second signal 1s in the first binary state, a
disjunction with the first and second uncomplemented
binary decision subdiagrams makes the fifth set of combi-
nations of binary states of said third signals such that the first
signal 1s 1n the first binary state or the second binary state
when the second signal 1s in the second binary state, and
such that the first signal 1s 1n the first binary state or in the
second binary state when the second signal 1s in the first
binary state. Thus, when the second signal 1s 1n the first
binary state, the first signal 1s in the second binary state, and
when the second signal passes to the second binary state, the
first signal passes to the first nonbinary state.

Thus, 1 order to test whether a given signal of a complex
circuit has the correct behavior, the method makes it possible
to obtain 1n a computer memory a profile of states of other
signals, among which a change in the state of one signal
must cause a change in the state of the given signal, 1 a
physical sample of the circuit. In order to minimize the
processing time and the memory space required to obtain
this profile, the method uses two binary decision diagrams
starting with a binary variable of said one signal, each with
two binary decision subdiagrams. The method combines the
binary decision subdiagrams in such a way that the given
signal 1s 1n a first state when the binary variable 1s at a first
value and 1s not 1n this first state when the binary varnable 1s
at a second value.

BRIEF DESCRIPTION OF THE DRAWINGS

Other details and advantages of the invention will be more
clearly understood 1n the following description 1n reference
to the figures, 1 which:

FIG. 1 represents steps of a method for associating with
a first signal at least two binary decision diagrams;

FIG. 2 represents steps of a method for associating with
the first signal another binary decision diagram for which a
change 1n the state of a second signal causes a change 1n the
state of the first signal with a given state of a set of third
signals;

FIGS. 3 and 4 represent physical elements for understand-
ing the eflect of the method on a simple example;

FIG. 5 represents two binary decision diagrams obtained
using the method of FIG. 1, for the physical element of FIG.
3;

FIG. 6 represents a third binary decision diagram obtained
using the method of FIG. 1, for the physical element of FIG.
3;

FIG. 7 represents an exemplary binary decision diagram
obtained using the method according to the mvention.
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FIG. 8 presents additional steps of a method according to
the 1nvention.

DESCRIPTION OF THE PREFERREI
EMBODIMENTS

FIG. 1 represents steps of a method for associating with
a first signal S, at least two binary decision diagrams. These
steps are executed by a computer that has 1 memory a
connection list (netlist) of signals and physical elements that
determines various relations between these signals. The
intermediate and final results of the steps are automatically
stored 1n memory in the computer.

In a first step 1, a pair of binary varnables (x .x_,) 1s
assigned to a signal S, 1 order to encode at least three
possible states of the signal S,. The variable x_, called a
context variable, 1s defined 1n order to indicate that, when its
value 1s equal to 1, the values O and 1 of the variable x_,
respectively, directly encode a first logical state B and a
second logical state H of the signal S,. When the value of the
context variable x _; 1s equal to 0, the values O and 1 of the
variable x . respectively encode an indeterminate state and a
state Z of the signal S,. The state Z of the signal S, 1s a
high-impedance state in the sense i which the term 1s
usually understood in an electric circuit. In the indeterminate
state, there 1s an error state E of the signal S, such as, for
example, an electrical short circuit. The pair of binary
variables (x .x_) thus makes it possible to encode four
possible states of the signal S..

In a second step 2, three binary decision diagrams T (S,),
T .(S,), T(S,) are assigned to the signal S..

The so-called context binary decision diagram T (S)) 1s
constructed by means of a rule Rc, so that 1t leads to 1 1f the
state of the signal S, 1s the logical state B or the logical state
H.

The so-called value binary decision diagram T (S,) 1s
constructed by means of a rule Rv, so that 1t leads to 1 11 the
state of the signal S, 1s the high-impedance state Z or the
logical state H.

The so-called error binary decision diagram T_(S,) 1s
constructed by means of a rule Re, so that 1t leads to 1 11 the
state of the signal S, 1s an error state.

The application of a rule Rc, Rv Re activates a third step
3, which scans the netlist 1n order to determine a combina-
tion ®_, @ , ®_, that links the states of the signals S, to the
states of one or more other signals S, S, ,.

When the signal S, does not depend on any other signal,
cach of the vanables x ., x_. of the pair of variables (x_.,x .
can assume a value equal to O or 1. This 1s the case, for
example, for an mput signal of the electric circuit or for an
intermediate signal that it 1s possible to force by means of a
test probe. The binary decision diagrams T.(S,), T (S,) are
such that T (S,) leads to 1 1 x ;1s equal to 1, and T (S,) leads
to 1 11 x_, 1s equal to 1. The binary decision diagrams then
being constructed immediately, an end step 6 1s activated.

When the signal S, depends on one or more signals S

i+1°
S. -, a fourth step 4 makes the binary decision diagrams
associated with the signal S, ,, S, , available. If the binary
decision diagrams already exist in memory, this consists 1n
a simple reading of pointers i1n these binary decision dia-
grams. If the binary decision diagrams do not exist in
memory, 1t consists of reactivating the method recursively
for the signal or signals S, ,, S, ,, etc.

A step 5 then combines the binary decision diagrams
using the combinations determined 1n step 3.

Let us recall that a binary decision diagram 1 -associated
with a first boolean function i(a, b, ¢, . . . , w) of binary
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variables a, b, ¢, . . . w 1s accessible by means of a first
computer data structure that makes 1t possible to represent 1n
memory the values assumed by the first function 1, based on
the values assumed by the binary vaniables a, b, c, ... w. This
first data structure 1s constructed using the known properties
of a Shannon decomposition relative to a first vaniable a, 1.e.,
using the usual notations for writing logical functions:

where J(a=0, b, c, ..., w)is a second invariable boolean
function based on a, since a is set at zero, and where f(a=1,
b, c,...,w)1s athird invariable boolean function based on
a since a 1s set at one. The second boolean function assumes
the same values as the first boolean function based on the
values assumed by the binary variables b, ¢, . . ., w when
a=0. The third boolean function assumes the same values as
the first boolean function based on the values assumed by the
binary variables b, ¢, . . ., w when a=1. The first data
structure therefore appears as a triplet of addresses of
storage areas {a,f(a=0,b, . . . ),f(a=1,b, . . . )}, which
therefore comprises a {first node occupied by the first
variable a, a left pointer to a second data structure {b,f(a=0,
b=0, . ..).f(a=0,b=1, . . . )} that makes it possible to access
a first binary decision subdiagram associated with the sec-
ond boolean function and a right pointer to a third data
structure {b,f(a=1,b=0, . .. ),f(a=1,b=1, . . . )} that makes it
possible to access a second binary decision subdiagram
associated with the third boolean function. The second and
third data structures being the same type as the first data
structure with, respectively, a second and third node occu-
pied by a second binary variable b, c. The above operation
1s repeated until the last binary variable w gives the
binary decision diagram 1, constituted by a chaining
fadb{ ... L{... . }hibd ... L ... }}} of the structures
by means of the pointers. An 1dentifier of the binary decision
diagram I - points to the first node, called the root node.

The representation 1n memory of a function by a binary
decision diagram offers the appreciable advantage of com-
pactness because, 1I two or more binary decision subdia-
grams are identical, only one representation in memory 1s
enough, since two or more pointers can point to the same
data structure. When a function 1s independent of a binary
variable, the binary decision diagram 1s simplified. The
representation 1n memory of a function by a binary decision
diagram can be implicit 1n the sense that it 1s possible to
perform calculations on the root node without necessarily
extending the binary decision diagram for all of the nodes.

One advantageous property of binary decision diagrams
results from the following statement on the Shannon decom-
position. When a boolean function h(a,b,c, . . ., 2) results
from a combinational operation ®(1,g) of one or more
boolean functions

f(a,b,c, ... ., w),

g(a,b,c, ... ,w):

hla b, ... w=ah(a=0,bc, ..., wi+a-h(a=1,b,
c, ..., W)

=a-D(f(a=0,b,c, ..., w),g(a=0,b,c, ..., w))+a-D(f
(a=1.b,c, ..., w),gla=1,b,c, ..., w))

=®(a-f(a=0,b,c, . . ., w),a-g(a=0,b,c, ..., w)+D(a-f
(a=1,b,c, ..., whagla=1,bc, ..., w))

=O(a-f(a=0,b,c, ..., wi+a-f(a=1,bc, .. ., w),
ag(a=0,b,c, . . ., wita-ga=1,b,c, . .., w))
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For example:
When @ 1s a logical complement,

hia, b,c, ... ,w)=Ffla, b,c,... ,w)

fla,b,c,... ., w=a-fla=0,b,c,... , w+a-fla=1,b,c,... ,w)

=|la-fla=0,b,¢c,... ., w)-la-fla=1,b,c,... ,w)]

Law-la+ fla=1,b,c¢, ..., w)]

Low+a-fla=1,b,c,... ,w)

The binary decision diagram associated with the logical
complement of a function 1 includes the same node occupied
by the variable a as the binary decision diagram associated
with the function f in which the pointer in the binary
decision subdiagram associated with the function { for a
equal to zero 1s replaced by a pointer 1n a binary decision
subdiagram associated with the logical complement of the
function 1 for a equal to zero, and 1n which the pointer in the
binary decision subdiagram associated with the function 1
for a equal to one 1s replaced by a pointer in a binary
decision subdiagram associated with the logical complement
of the function 1 for a equal to one.

When @ 1s a logical disjunction of two functions 1 and g,

hia,b,c, ... w=J(ab,c, ..

owygla,b,e. .., w)

=a-[f(a=0b,c, .. ., w)g(a=0,b,c, ..., w)+a-[f(a=1,
be ..., whigla=1,bc, ..., w)]

i

T'he binary decision diagram associated with the logical
disjunction of two functions 1 and g includes the same node
occupied by the variable a as the binary decision diagram
associated with the function { in which the pointer 1n the
binary decision subdiagram associated with the function 1
for a equal to zero 1s replaced by a pointer 1n a binary
decision subdiagram associated with the logical disjunction
of the function 1 for a equal to zero and the function g for a
equal to zero, and 1n which the pointer 1n the binary decision
subdiagram associated with the function 1 for a equal to one
1s replaced by a pointer in a binary decision subdiagram
associated with the logical disjunction of the function 1 for
a equal to one and the function g for a equal to one.

When ® 15 a logical conjunction of two functions 1 and g,

hia,b,c, ... w=f(abc, ..

owyglab,e, ..., W)

=qa-[f(a=0,b,c, ..., w)ygla=0,b,c, .. ., w)]+a-ff(a=1,
be ..., w)gla=1,b,c, ..., w) ]

The binary decision diagram associated with the logical
conjunction of two functions I and g includes the same node
occupied by the variable a as the binary decision diagram
associated with the function f in which the pointer in the
binary decision subdiagram associated with the function 1
for a equal to zero 1s replaced by a pointer 1n a binary
decision subdiagram associated with the logical conjunction
of the function 1 for a equal to zero and the function g for a
equal to zero, and 1n which the pointer 1n the binary decision
subdiagram associated with the function 1 for a equal to one
1s replaced by a pointer in a binary decision subdiagram
associated with the logical conjunction of the function 1 for
a equal to one and the function g for a equal to one.

By proceeding recursively up to the last variable w of one
or more functions 1, g, 1t 1s possible to perform, 1n a simple
way, any combinational operation ® of one or more binary
decision diagrams.
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The binary decision diagram T_(S;) 1s constructed by
means of the combination @ _, which gives T (S,) by replac-
g X, (, X...1,» X0 X, respectively, with the binary
decision diagrams 1,(S,,,). 1.S..1), T.(5.00), TUS..0),
T.(5:12), To(S:00);

The binary decision diagram T (S,) 1s constructed by
means of the combination @ , which gives T (S,) by replac-
mng X... ., X_..1, X...- X_.. o, respectively, with the binary
decision diagrams 1,(S..,), TAS.,.), T.(5..0), 1Tu5...)
TC(SHZ);

The binary decision diagram T_(S,) 1s constructed like-
wise by combining the binary decision diagrams T (s, ),
T.-:(Sz'+l)ﬂ Te(sz‘+l)ﬂ Tv(sz'+2)ﬂ T.-:(Sz'+2)ﬂ Te(si+2)'

Let’s apply, for example, the method described above to

the elementary circuit of FIG. 3, which constitutes a multi-
plexer with three inputs.

A conductor 21 conveys a signal S,. The conductor 21 1s
connected at a point 25 to three conductors 22, 23, 24 1n
parallel. The conductors 22, 23, 24 each convey a signal,
respectively S,, S5, S,. The coupling of the signals S,, S, at
the point 25 1s equivalent to an intermediate signal S,
coupled at the point 25 with the signal S,.

The variable x ; 1s equal to 1 1f and only 11 the state of
each of the signals S, S;, S, 1s the high-impedance state Z

or the logical state H.

The applicable rule R for constructing the binary decision
diagram T (S,,) 1s arule R for two conductors coupled at
the same point 25:

I (S1)=T(55) T,(53).

T (S,,) now being present in memory, the rule R 1s again
applied to S,, and S,.

TASD=T(S10)T0(5,).

An error occurs 1n the signal S, , 1f one of the signals S,
S, 1s 1n the logical state H while the other signal S5, S, 1s 1n
the logical state B, or if one of the signals S,, S; 1s 1n the
error state.

The applicable rule R, for constructing the binary decision
diagram T _(S,,) 1s a rule R_, for two conductors coupled at
the point 25:

Te(s11)=Tt(s2)-1c(s3)-| Tv(s2) Tv(s3)+
Tv(s2)-Tv(s3) [+7e(s2)+Te(s3)

An error occurs 1n the signal S, 1f one of the signals S, |,
S, 1s 1n the logical state H while the other signal S, S, 1s
in the logical state B, or 1f one of the signals S, S, 1s 1n the
error state.

Therule R _, 1s again applicable for constructing the binary
decision diagram T _(S,).

Te(s1)=Tc(s11)-Te(s4) | Tv(s11)-Tv(sd)+
Tv(s11) Tv(sd) [+ Te(s11)+Te(s4)

The vaniable xc, 1s equal to 1 11 the state of the signal S,
1s the logical state B or the logical state H. The signal S, 1s
in the state B or H 1f and only if the signal S, or the signal
S, 1s 1n the logical state B or H and 11 no error results from
the signals S, and S, 1n the signal S, ,. The applicable rule R
for constructing the binary decision diagram T _(S,,) 1s arule
R . for two conductors coupled at the point 25:

Te(s11)=[Te(s2)+Te(s3)]-|
Tc(s2) Te(s3)- [Tv(s2) Tv(s3)+1v(s2) Tv(s3)] |

Te(s1)=[Te(s2)+Te(s3)]-| Te(s2)+1e(s3)+|
Tv(s2D)+Tv(s3) || Tv(s2)+Tv(s3)l |
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fe(s1l)y=+1c(s2)[1e(s3)+Tv(s2):
Iv(s3)+Iv(s2)- Tv(s3)|+Tc(s3)- [ Te(s2)+ Tv(s2)-
Tvis)+Tv(s2)-Tv(s3)]

The rule R _, 1s again applied for the signals S, and S,:

Ie(sl)y=+1c(s1l) [1e(s4)+Tv(s1])-
Tv(sd)+Tv(s1l)-Tv(sd)|+Ic(sd) [Te(s11)+Tvisll):
Iv(isd)+Tv(s11) - Tv(s4d)]

Itfor S,, T (S,), T (S,), T (S,) are not present 1n memory,
the second step 1s repeated for the signal S,.

The conductor 22 i1s coupled to the drain of an N-type
MOS ftransistor 27. The grid of the transistor 27 receives a
signal S. and the source of the transistor 27 receives a signal
S.. In CMOS technology, the concept of a drain, and of a
source, of a transistor 1s tied 1n a known way to 1ts operating,
state; these two concepts are also interchangeable.

The signal S, 1s 1n the logical state H 11 and only 1f the
signals S; and S, are 1n the logical state H. The signal S, 1s
in the high-impedance state Z 1f and only 11 the signal S; 1s
in the logical state B or 11 the signal S; 1s in the logical state
H and the signal S, 1s 1in the high-impedance state 7. The rule
R that 1s applied 1s a rule R :

Iv(s2)=[1c(s5) Tv(s5)-Ic(s6)-Tv(s6)+1c(s5)
Tv(sS)+Te(s5) Tv(s5)-Te(s6)-Tv(s6)

Which with simplification yields:
Tv(s2)=[Te(s5)- Tv(s5)-Tv(s6)+Te(s5) Tv(s3)]

The signal S, 1s 1n the error state E 1f the signal S 1s 1n
the high-impedance state Z. In fact, a transistor grid hit by
a high-impedance signal 1s particularly noise-sensitive. The
rule R that 1s applied 1s a rule R _ :

Te(s2)=Tv(s5)-1c(s5)

The signal S, 1s 1n the logical state B or H 11 and only 11
the signal S; 1s 1n the logical state H and the signal S, 1s 1n
the logical state B or H. The rule R . that 1s applied 1s a rule
R .

CFt

1{o(s2)=1c(sd)-Tv(s5)-Te(s6)

Iftor S, T (S,), T (S,), T.(S,) are not present 1n memory,
the second step 1s repeated for the signal S,.

The conductor 23 i1s coupled to the drain of an N-type
MOS ftransistor 26. The grid of the transistor 26 receives a
signal S, and the source of the transistor 26 receives a signal
Sq.
The first two steps are executed for the signal S; using the
same rules R, R_ and R_, as for the signal S, in order to
obtain:

VFZ?

Iv(s3)=[Tc(sT)y Iv(sT)- Tv(s8)+1c(sT) Tv(sT)]

Te(s3)=1v(s7) Tc(s7)

1e(s3)=Ic(sT)-Tv(s7) 1c(s8)

The conductor 24 1s coupled to the drain of a P-type MOS
transistor 29. The grid of the transistor 29 receives a signal
S, and the source of the transistor 27 receives a signal S, .

The signal S, 1s 1n the logical state H 1f and only if the
signals Sy and S, , are respectively 1n the logical state B and
H. The signal S, 1s 1in the high-impedance state Z 1t and only
if the signal S, 1s 1n the logical state H or if the signal Sg 1s
in the logical state B and the signal S,, 1s in the high-
impedance state Z. After simplification, the rule R that 1s
applied 1s a rule R :

v(sd)=[1c(s9) Tv(s9)- Tv(s10)+7c(s9)-Tv(s9)]

The signal S, 1s 1n the error state E 1f the signal Sg 1s 1n
the high-impedance state Z. In fact, a transistor grid hit by
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a high-impedance signal 1s particularly noise-sensitive. The
rule R, that 1s applied 1s a rule R

Te(s4)=Tv(s9) Ic(s9)

The signal S, 1s 1n the logical state B or H 11 and only 1f
the signal Sy 1s 1n the logical state B and the signal S, 1s in
the logical state B or H. The rule R _ that 1s applied 1s a rule
R .

E?p'

1e(s4)=1c(s9)- Tv(s9)-Tc(s10)

Thus, the binary decision diagrams T,(S;), T (S,), T_(S,)
are obtained as a function of the binary decision diagrams
TV(SS)SJ T:::(SS)EJ TV(SS)EJ TG(S(S)? TV(ST)!J TG(ST)ﬂ TV(SB)ﬂ TC(SB)f‘

TV(SQ)SJ T.-:(SQ): TF(S]_D)?J TC(S]_D)'
If one 1s interested 1n the possible states of the signal S,,

for two possible logical states B and H of each of the signals
S. through S, ,, the third step 1s executed, wherein each of
the binary decision diagrams T (S:), T (Ss), T (S,), T _(Sy),
T .(Ss), T (S,,) equals 1 and wherein each of the binary
decision diagrams T (S:), T (Ss), T.(S,), T (Sg), T.(So),
T.(S,,) 1s replaced, respectively, by each of the binary
decision diagrams {x,5:0;1}, 41X :0:1}, 4x,5;0:1}, {x,4;0:1},
1X,0,0;1}, 4X,,0:0:1}. Thus, three binary decision diagrams
T.(S,), T.(S,), T.(S,) are obtained with nodes occupied by
the variables X ., X «, X -, X, X, 0, X,,;o and with leaves at O
or at 1.

In order to know, for example, which values of x, ., X .,
X - X.es Xo0s X0 pUt the signal S, 1n the logical state H, a

binary decision diagram T, (S, ) 1s constructed using the rule
R;:

T1(s1)y=Tv(sl)-Ic(sl)-Te(s])

The binary decision diagram T,(S,) 1s scanned through
cach branch leading from the node occupied by the variable
X, s, t0 a leal occupied by the value 1, saving in a logical
conjunction each variable X o, X ., X, -, X, 4, X,0, X, €1COUN-
tered, as 1s 1f the scanning of the branch 1s done by means
of the right pointer and complemented 11 the scanming of the
branch 1s done by means of the left pointer. Each logical
conjunction obtained by the scan through a branch i1s saved
in a logical disjunction until all of the branches leading to a
leal occupied by the value 1 have been scanned. Thus, a
logical equation of the circuit of FIG. 3 1s obtained:

s1=+55-56-57-58-59:510+55-56-5758-59+55-56-57-59-510
+55-575859+5557-58-59510+5557 "
59-510+55-56-57-59

Let’s apply, for example, the method described above to
the elementary circuit of FIG. 4, wherein five input signals
S S, 54, 5,0, 5, are combined so as to generate a signal
S, .

The elementary circuit entity of FIG. 4 comprises two
NMOS transistors 34 and 35, whose sources are respectively
hit by the signals S, and S, ., whose grids are respectively
hit by the signals S, 5 and S, 5, and whose drains respectively
generate signals S,; and S, i conductors 29 and 30. The
clementary circuit entity of FIG. 4 also comprises two
PMOS transistors 37 and 36, whose sources are respectively
hit by the signal S,,, and a signal S,,, whose grids are
respectively hit by the signals S, and S|, and whose drains
respectively generate the signal S,, and a signal S,; in
conductors 32 and 31. The conductors 29, 30 and 31 are
connected to a conductor 28 at a point 33.

The fifth step scans each of the signals S, ., S+, S;q, S{0,
S,, of the netlist and for each signal scanned, executes the
first two steps.
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In the case where the sources of the transistors 34 and 35
are connected to the ground, the binary decision diagrams
L.(S16)s TAS16), To(S16), Tu(Si8), To(S15), Tu(S;5) are
respectively equal to the singletons {0}, {1}, {0}, {0}, {1},
{0}. In the case where the source of the transistor 37 is
connected to the supply, the binary decision diagrams
T.0S,,), T.(S,,), T (S,,) are respectively equal to the single-
tons {1}, {1}, {0}. In the case where the grids of the
transistors 34 and 37 are connected to an 1nput, necessarily
set to a logical state O or 1, the binary decision diagrams
T.(S17), TAS:7), T(S,,) are respectively {x,,,,0,1}, {1},
{0}. In the case where the grids of the transistors 35 and 36
are connected to an mput, necessarily set to a logical state B
or H, the binary decision diagrams T (S,), T .(S,5), T.(S,5)
are respectively {x,,,0,1}, {1}, {0}. The elements of the
elementary circuit hit by the signals s, ., S,;-, S,z S;0, S5y OF
the net list are then scanned, 1n order to associate with the
transistors 34, 35, 37, respectively, the signals S, 5, S, S, -,
for each of which steps 1 through 3 are executed.

For the transistor 34, the rules R
the signal S,;, 1n the second step.

R__ R_ are applied to

VFZ?

V(s13)=[1c(s17)Tv(s17)Tv(s16)+1c(s17)Iv(s17)]
1e(s13)y=1c(s17)y-Tv(s17) Tv(s16)

Te(s13)=Tv(s17)-Te(s17)

Which yields, when applying the known rules for com-
bining binary decision diagrams:

T,(S13)7{%,17,1,0}
T.(Sy3)=1%,17,0,1}

TE(SH):{O}

For the transistor 35, therules R, , R R_  are applied to
the signal S, 4, 1n the second step, so as to yield, 1n 1dentical

fashion:
T,(S14)7{%,19,1,0}
TC(SILI):{xle ?0:1}

TE(SI4):{0}

For the transistor 37, the rules R
the signal S,,, in the second step.

R_, R, are applied to

ij

IV(s20)=[Tc(s17 ) Tv(s17 ) Tv(s21)+Ic(s17)-Tv(s17)]
1e(s20)=Te(s17)- Tv(s17) Te(s21)

1e(s20)=1Tv(s17)-Te(s17)

Which yields, when applying the known rules for com-
bining binary decision diagrams:

Tv(SED):{ 1}
T.(S50)=1%,17,1,0}

f 9(520):{0}

The sixth step 1s re-activated in order to scan the elements
of the elementary circuit hit by the previously generated
signals S, 5, S, 4, S, of the net list, and associates with these
clements, which are the point 33 and the transistor 36,
respectively the signals S,, and S, ., for each of which 1t
executes the first two steps.
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For the point 33, the rules R
signal S,,, 1n the second step.

R _. R__ are applied to the

VR

TV(S55)=Tv(S)3) Tv(S)4)

1e(s22)=+1c(s13) [1e(s14)+Tv(s13)
v(s1d)+1v(s13) Tv(s1d)|+ic(s14) [Te(s13 )+
Iv(s13)y-Tv(s1d)+Iv(s13)-1v(s14)]

Te(s22)=Tc(s13)-Te(s14)-| Tv(s13)-Tv(s1d)+
Tv(s13)-7v(s14)]

Which yields, when applying the known rules for com-
bining binary decision diagrams:

Tv(SEE):{xvl?I {xvlgﬂl :0}?0}
TC(SEE):{xvl?J {xvlgﬁoal }?1}

T (S92)=1%,17,01%,19,0,0} }={0}

For the transistor 36, the rules R
the signal S, ., 1n the second step.

R_, R, are applied to

ij

Tv(s15)=[1e(s19)- Tv(s19)-Tv(s20)+1e(s19)-Tv(s19)]
Ie(s15)=Te(s19)-Tv(s19)-1&(s20)

Te(s15)=1Tv(s19)-7c(s19)

Which yields, when applying the known rules for com-
bining binary decision diagrams:

Tv(SIS):{ 1}
T.(S15)={xv17,1%,19,1,0},0}

Te(515):{0}

The sixth step 1s re-activated in order to scan the elements
of the elementary circuit hit by the previously generated
signals S,,, S, of the netlist and associates with the only
element found, which 1s the point 33, the signal S,,, for
which 1t executes the first two steps.

For the point 33, the rules R, R
signal S,,, 1 the second step.

R_, are applied to the

L F g CF

V(S 5)=Tv(555) Tv(S) 5)

1e(s12)=+1c(s22) [1e(s15)+Tv(s22 )

Tv(sI3)+Tv(s22) Tv(s13)|+Te(s15) [Te(s22)+
Iv(s22) Tv(s15)+Tv(s22)-1v{(s515)]

Te(s12)=Tc(s22)- Te(s15) | Tv(s22)-Tv(s15)+
Tv(s22)- Tv(s15) |

Which yields, when applying the known rules for com-
bining binary decision diagrams:

T(S12)=1%,17:1% 19, 1,0 1,0}
T(S12)= %17 L,{%10, 1,1 H}={1}

T(S12)=1%,17,0,{%,19,0,0} }={0}

The only remaining signal being the signal S, ,, the fourth

step vields the binary decision diagram T, _(S12) using the
rule R,__:

log*

I fog(S 120718 12) T.(S12)

log

:{xvl L {xvlgal :0}:0}

The binary variable x,, 1s 1n the logical state 1 for the
branches of the binary decision diagram T, _(S,,) that lead
to 1. This 1s written:

log

xvl2 =xv17-xv19
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In the fourth step, the circuit of FIG. 4 1s recognized as
being a NOR gate.

FIG. 2 represents steps of the method for indicating, 1n
connection with a physical element generating a first signal
(S,,) as a function of a second signal (S;) and third signals
(S¢, S5, Sg), a combination of states of said third signals such
that a state change of said second signal changes said first
signal from a binary state to a nonbinary state.

Associated with a signal S, are two or three binary
decision diagrams T_(S,)=1x,,,fi0,fi1 }, T (S,)=1x,,,i0,gil},
T.(S,)=1x,,,ei0,eil}, wherein fi0, gi0, ei0 are pointers in
binary decision subdiagrams when X, 1s equal to 0, and
wherein fil, gil, ei1l are pointers 1n binary decision subdia-
grams when x,; 1s equal to 1, x_; being 1n all cases considered
equal to 1, since in this case only the binary states B, H of
the signal s, with which the variable X 1s associated are
considered. For simplicity’s sake, these pointers will be
likened to the binary decision subdiagrams to which they
point. The method described 1s valid for any signal S, with
which a variable x_, 1s associated by re-ordering, in a known
way, the binary decision diagrams so to move x_, up to the
root of the binary decision diagram.

The values at 1 in the binary decision subdiagram {1i0
encode combinations of variables x, for which the variable
X_. has the value 1, which means that the signal S, 1s 1n one
of the binary states B or H when the variable x, ; has the value
0.

The values at 1 1n the binary decision subdiagram fil
encode combinations of variables x  for which the vanable
X . has the value 1, which means that the signal S, 1s in one
of the binary states B or H when the variable x, ; has the value
1.

The values at 1 in the binary decision subdiagram gi0
encode combinations of variables x, for which the variable
X . has the value 1, which means that the signal S, 1s 1n the
binary state H or in the nonbinary state Z when the variable
X,, has the value 0.

The values at 1 in the binary decision subdiagram gil
encode combinations of variables x, for which the variable
X . has the value 1, which means that the signal S, 1s 1n the
binary state H or in the nonbinary state Z when the variable
X,, has the value 1.

The values at 1 in the binary decision subdiagram eil
encode combinations of variables x . for which the variables
X ., X,. have the value 0, which means that the signal S, 1s 1in
an indeterminate state like the nonbinary state E when the
variable x,, has the value 0.

The values at 1 1n the binary decision subdiagram ei0
encode combinations of variables x_ for which the variables
X ., X,. have the value 0, which means that the signal S, 1s in
an indeterminate state like the nonbinary state E when the
variable X, has the value 1.

In the remainder of the description, the symbol .—placed
before a reference of a binary decision diagram indicates
that the binary decision diagram 1s complemented in the
known way according to the above.

A step 8 generates a binary decision subdiagram Cpi10 by
combining the binary decision subdiagrams mentioned
above using the formula:

Cpi0=fi0-—ei0-(eil+gil-—yfil).

The combination gi1-.—1fil encodes combinations of vari-
ables x  for which the variable x , has the value 1, which
means that the signal S, 1s 1n the binary state H or in the
nonbinary state 7, and for which the varniable x_, does not
have the value 1, which means that the signal S, 1s not 1n one
of the binary states B or H when the variable x, ; has the value
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1. The disjunction of this combination with e1l thus encodes
the combinations of variables x  for which the signal S, 1s
not i one of the binary states B or H when the variable x,,
has the value 1. The combination fi0-.—e10 encodes combi-
nations of variables x for which the variable x ; has the
value 1, which means that the signal S, 1s 1n the binary state
H or 1n the nonbinary state Z, and for which the variable x
does not have the value 0, which means that the signal S, 1s
not in a nonbinary state, when the variable x,, has the value
0. The disjunction of this last combination with e1l thus
encodes the combinations of varnables x, for which the
signal S; 1s 1n one of the binary states B or H when the
variable X, has the value 0, and 1s not 1n one of the binary
states B or H when the variable x,, has the value 1.

The values at 1 1n Cp10 correspond to a set of combina-
tions of values x,, for which §, 1s 1n a binary state when x,,
1s not at the value 1, and for which S, 1s not 1n a binary state
when x,; 1s 1n the value 1.

Thus, for the combinations at 1 of the vaniables x_, the
signal S, changes from a binary state to a nonbinary state
when the signal S, changes from the first state B to the
second state H.

When the physical element 1s such that the state of the
signal S, 1s never indeterminate, the binary decision subdia-
gram ¢€,, 1s always at O and the binary decision subdiagram
.—€,, 1s always at 1. These binary decision subdiagrams
have not been taken mto consideration 1n a step 7, which in
this case uses the following simplified formula for generat-
ing the binary decision subdiagram Cpi0:

CpiO=fi0-gil-+—fil).

A step 10 generates a binary decision subdiagram Cpil by
combining the binary decision subdiagrams mentioned
above using the formula:

Cpil =fil-—eil-(ei0+gi0-—/i0).

The combination gi10-.—1i0 encodes combinations of vari-
ables x__ for which the variable x , has the value 1, which
means that the signal S, 1s in the binary state H or 1in the
nonbinary state Z, and for which the variable x_, does not
have the value 1, which means that the signal S, 1s not in one
of the binary states B or H when the variable x ; has the value
0. The disjunction of this combination with €10 thus encodes
the combinations of variables x  for which the signal S, 1s
not 1 one of the binary states B or H when the variable x,,
has the value 0. The combination fi1-.—e1l1 encodes combi-
nations of variables x for which the variable x ;. has the
value 1, which means that the signal S, 1s 1n the binary state
H or in the nonbinary state 7, and for which the variable x_,
does not have the value 0, which means that the signal S, 1s
not in a nonbinary state, when the variable x,, has the value
1. The disjunction of this last combination with €10 thus
encodes the combinations of variables x  for which the
signal S, 1s 1n one of the binary states B or H when the
variable X, has the value 1, and 1s not 1n one of the binary
states B or H when the variable x,, has the value 0.

The values at 1 of Cpil correspond to a set of combina-
tions of values x,, for which §, 1s in a binary state when x,,
1s not at the value 0, and for which S, 1s not 1n a binary state
when x,; 1s at the value 0.

Thus, for the combinations at 1 of the variables x . the
signal S, changes from a binary state to a nonbinary state
when the signal S, changes from the second state H to the
first state B.

When the physical element 1s such that the state of the
signal S, 1s never indeterminate, the binary decision subdia-
gram €, 1s always at O and the binary decision subdiagram
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.—€0 18 always at 1. These binary decision subdiagrams
have not been taken 1nto consideration in a step 9, which 1n
this case uses the following simplified formula for generat-
ing the binary decision subdiagram Cpil:

Cpil =fi1-gi0--—fi0).

A step 11 generates a binary decision diagram Cp(Si,s7)
with the variable x,; at its root, a lett branch equal to the
subdiagram Cp10 and a right branch equal to the subdiagram
Cpi1l. The values at 1 of this binary decision subdiagram
encode the combinations of signals S, for which a binary
state change of the signal S; changes the signal S, from a
binary state to a nonbinary state.

A step 13 generates a binary decision subdiagram Cdi0 by
combining the binary decision subdiagrams mentioned
above using the formula:

Cdi0=f10-—gi0-—ei0fil-gil-—eil.

The combination gil1-fil1 encodes combinations of vari-
ables x _ for which the variable x , has the value 1, which
means that the signal S, 1s 1n the binary state H or in the
nonbinary state 7, and for which the variable x_, has the
value 1, which means that the signal S, 1s 1n the binary state
H when the variable x,; has the value 1. The conjunction of
this combination with —ei1l thus encodes the combinations
of vanables x  for which the signal S, 1s 1n the binary state
H when the variable x, ; has the value 1. The combination i0-
_e10 encodes combinations of variables x,,, for which the
variable x . has the value 1, which means that the signal S,
1s 1n the binary state H or 1n the binary state B, and for which
the vanable x_; does not have the value 0, which means that
the signal S, 1s not in a nonbinary state, when the variable x,
has the value 0. The conjunction of this last combination
with —g10 thus encodes the combinations of variables x  for
which the signal S, 1s 1n the binary state B when the variable
X,, has the value 0, and 1s not in a nonbinary state when the
variable x,; has the value 0.

The values at 1 of Cdi0 correspond to a set of combina-
tions of values x_ for which S, 1s 1n a binary state B when
X,, 1s not at the value 0, and for which S, 1s in a binary state
H when x,, 1s at the value 1.

Thus, for the combinations at 1 of the vanables x_ , the
signal S, changes from a binary state B to a binary state H
when the signal S, changes from the first state B to the
second state H. Symmetrically, the signal S, changes from a
binary state H to a binary state B when the signal S, changes
from the first state B to the second state H.

When the physical element 1s such that the state of the
signal S, 1s never indeterminate, the binary decision subdia-
gram €,, 1s always at O and the binary decision subdiagram
—€,, 1s always at 1. These binary decision subdiagrams have
not been taken into consideration 1n a step 12, which 1n this
case uses the following simplified formula for generating the
binary decision subdiagram Cdi0:

Cdi0=fi0-—gi0fil-gil-.

A step 1S generates a binary decision subdiagram Cii(s,,s,)
by combining the binary decision subdiagrams mentioned
above using the formula:

Cii(s,s,) =0 —gil-—ei0-fil-gi0-—eil.

The combination gi0 fi0 encodes combinations of vari-
ables x  for which the variable x , has the value 1, which
means that the signal S, 1s 1n the binary state H when the
variable x,; has the value 0. The conjunction of this combi-
nation with —ei1l thus encodes the combinations of variables
X, for which the signal S, 1s not in an indeterminate state
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when the variable x,, does not have the value 0. The
combination fil-— g1l encodes combinations of variables x
for which the variable x_, has the value 0, which means that
the signal S, 1s 1n the binary state B when the variable X, ; has
the value 1. The conjunction of this last combination with
—e10 thus encodes the combinations of variables x,  for
which the signal S, 1s not 1n an indeterminate state, when the
variable X, does not have the value 1.

The values at 1 of Cu(S,,S;) correspond to a set of
combinations of values x,_ for which S, 1s 1n a binary state
H when x,; 1s at the value 0, and for which S, 1s 1n a binary
state B when x,, 1s at the value 1.

Thus, for the combinations at 1 of the vanables x_, , the
signal S, changes from a binary state H to a binary state B
when the signal S, changes from the first state B to the
second state H. Symmetrically, the signal S, changes from a
binary state B to a binary state H when the signal S, changes
from the second state H to the first state H.

When the physical element 1s such that the state of the
signal S, 1s never indeterminate, the binary decision subdia-
gram ¢€,, 1s always at O and the binary decision subdiagram
—€,, 1s always at 1. These binary decision subdiagrams have
not been taken into consideration 1n a step 14, which 1n this
case uses the following simplified formula for generating the
binary decision subdiagram Cii(S,,S)):

Cii(S,,S;)=fi0-—gil-fil -gi0.

Steps 7 through 135 have 1n common the generation of a
binary decision diagram wherein the values at 1 correspond
to a first state of the signal S; when x,, 1s at a first value and
to a second, different state when X, 1s not at the first value.

Returming to the elementary circuit of FIG. 3, the three

binary decision diagrams are developed recursively from

cach of the binary decision diagrams T _(S<), T (S¢), T (S-),
T .(Sg), TASs), T.(S,,) valued at 1, and from each of the
binary decision diagrams T (S:), T (Ss), T.(S,), T.(Sg),
T.(So), T.(S,,), respectively replaced by each of the binary
decision diagrams {x .;0;1}, {x 0,1}, 4x ;0:1}, {x .;0:1},
IX,0:0:1}, 1x,,0:0;1}. Thus we obtain, in alphanumeric
order:
For S,:

Tv(sd)=[Te(s9)- Tv(s9) Tv(s10)+Tc(s9)- Tv(s9)]

Tv(S4)={%,0,1%,10;051 ;0 j+{%,9;0;1 }
TV(S4)={X,0:1%,10:0;1 };1}
Te(s)=1e(s9)-Tv(s9)- Te(s10)

Te(S4)={,031:0}

TE(Sd):{O}
For Si:

Tv(s3)=[Te(s7) Tv(sT)- Tv(s8)+Te(s7) To(s )]
Tv(S3)={%,7:0;{%,5:0;1} }+{x,7: 1,0}
Tv(S3)={%,7;1;{%,5;0;1}}
Te(s3)=Te(s7) Tv(s7) Te(s8)
Te(S3)={x,70;1}

TE(SS):{O}
For S,:

TV(SZ):{IV5; 1 :{‘xvﬁaoa 1 }}
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Te(S5)={0,5:051}

TE(SE):{O}
For §,;:

fe(sll)y=+1c(s2)[1e(s3)+Tv(s2):
TV(s3)+Tv(s2)-Tv(s3) |+ Te(s3) [Te(s2)+ Tv(s2)-
Tv(s3)+Tv(s2)- Tv(s3)]

The rules for combinming binary decision diagrams vield
the binary decision diagram Tc(S,,) represented in FIG. §,
i.e. a triplet {x <:f, o3t} }

Where 1,, 1s a pointer 1in a binary decision subdiagram
{x,,;0;1} and where f,, is a pointer in a binary decision
subdiagram.

{Xvﬁ,-?{}iv?; 1 ;{Xmﬁ;l ;0}};{Xv?;1;{xv8;0; 1 }}}

(S )=T(5) T0(S3).

The rules for combining binary decision diagrams yield
the binary decision diagram Tc(S,,) represented 1n FIG. 5,
i.e. a triplet {x s:f;5:1;;}

Where g,, 1s a pointer in a binary decision subdiagram
IX,5;1:4%,5:0:1}} and where g,, is a pointer in a binary
decision subdiagram {x,.:0:{X ,;1:4X ¢;0:1}}}.

Te(s11)=Te(s2)-1c(s3) | Tv(s2)- Tv(s3)+
Tv(s2) - Tv(s3) |+ 7e(s2)+Te(s3)

The rules for combining binary decision diagrams vield
the binary decision diagram Te(S,,) represented 1n FIG. 6,
i.e. a triplet {X i€, €}

Where ¢,, 1s a pointer 1n a binary decision subdiagram
{0} and where e, is a pointer in a binary decision subdia-
gram {X,s:1X,7:0;1X,5:0; 1} }5 1X,7:051%X,5; 130} } |

The binary decision subdiagram Cp(S,,,S:)={X 5:cP0:
cp,, } is generated in step 11 with:

cpl0=f10-e10-(el1+F11-gl1)

When applying the rules for combining binary decision
diagrams, cp,, points to a binary decision subdiagram {x_:

{X,7;0:{x,5:0:1} }; {X,7:0:{x,5:1;0} } } } }.
cpll=f11-e11-(e10+F10-g10)

When applying the rules for combining binary decision
diagrams, cp 11 points to a binary decision subdiagram
Ko6i1X,73131X,5: 10} 1107}

Which results 1n the binary decision diagram Cp(S,,,S;)
represented 1 FIG. 7.

A scan of the branches of the binary decision diagram
Cp(S,,,5;) that lead to the value 1 yields the following
logical combinations of variables:

for v - imitially at zero:

xv6xv7-xv8+xv6-xv7-xv8=1

for x . 1itially equal to 1:

xvo-xv7+xv6xv7-xvd=1

When a binary state 1s applied to each of the signals S,
Se, S,, Sg, the variables x_. x . X -, X _, all have the value 1,
and the values at 0, and respectively the values at 1, of the
variables X _. X . X -, X _, represent the states B, and respec-
tively H, of the signals S., S, S-, S..

The first combination indicates that when the set of
signals {S., S,, S,} is set to the states {B, H, H} or
respectively {H, B, B}, the change of the signal S from a
state B to H changes the signal S,, from a binary state, 1n this
case H or respectively B, to a nonbinary state, 1n this case an
error state.

The second combination indicates that when the set of
signals {S., S.} is set to the states {B, B}, or respectively
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when the set of signals {S, S,, S} is set to the states {B,
H B}, the change of the signal S, from a state H to B,
changes the signal S,, from a binary state, 1n this case B, to
a nonbinary state, in this case a high-impedance state, or
respectively an error state.

Steps 12 and 14 or 13 and 15 of the method described
above make 1t possible to obtain, for an output signal S, ,, a
direct context binary decision diagram Cd(S,,, S;) and an
inverse context binary decision diagram Ci(S,,, S;) for each
input signal S; on which the signal S,; depends.

A scan of each branch of the direct context binary decision
diagram Cd(S,,, S;) that leads to 1 yields a logical conjunc-
tion of binary states of signals S, S, S,, etc., for which a
binary state change of the signal S; 1s sensed to cause the
same binary state change of the signal S,;, A scan of each
branch of the inverse context binary decision diagram
Ci(S,,, S;) that leads to 1 yields a logical conjunction of
binary states of signals S, S, S,, etc., for which a binary
state change of the signal S; 1s sensed to cause an 1nverse
binary state change of the signal S,

By applying a combination of binary states to the signals
S« S5, Sg, etc., 1n a material sample of the circuit tested, 1n
such a way that a logical conjunction found in the preceding
paragraph 1s at 1, a detection of a behavior of the output
signal S, that does not match the binary state change sensed
to have been caused by a binary state change test of the
signal S., indicates a fault in this material sample. A material
sample for which a fault 1s indicated must be declared unfit
for use.

By repeating the preceding operation with S, S, S, etc.,
as a test signal, 1t 1s possible to make sure that the behavior
of the signal S, , matches a binary state change of each of the
signals S, S, S,.

In order to reduce the number of input signals to be tested,
the method advantageously includes the following addi-
tional steps.

In a step 61, a binary decision diagram S(;,, Ss) 18
constructed as being a logical disjunction of the direct
Cd(S,,, S;) and mverse Ci(S,,, S;) context binary decision
diagrams.

S(S11,55)=Cd(S,1,55)+Ci(S},S55)

In a step 62, for a signal S, a binary decision diagram
S(;;, S¢) 15 constructed as being a logical disjunction of the
direct Cd(S,,,Ss) and 1nverse Ci(S,,,S,) context binary
decision diagrams.

S(S| 1:56)=Cd(S1,56)+Ci(.S1,56)

for the pair of signals S., S., a binary decision diagram
S(S,,, S5, S4) 1s constructed as being a logical con-
junction of the binary decision diagrams S(S,,, S;) and

S(S 11 :Sﬁ)
S(S 1,55 56)=5(511,55)-5(S1,,56)

In a step 63, the binary decision diagram S(S,,,S;, S) 18
ordered so as to begin with the vanables xv., xv.. IT the
binary decision diagram S(S,,,S:, S,) exists in the form of
a binary decision diagram a(xv-, Xvg, . . . ) independent of
xv. and xv, the branches of the binary decision diagram
a(xv,, Xvg, ... ) are scanned 1n a step 64. The first branch
that leads to 1 vields a logical conjunction of binary states
of signals S, S, etc., for which a binary state change of the
signal S: 1s sensed to cause a binary state change of the
signal S, and for which a binary state change of the signal
S. 1s sensed to cause a binary state change of the signal S, ;.
In essence, with the construction of S(S,,,S5, S6), the logical
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conjunction of binary states of signals S-, S,, etc., thus found
simultaneously verifies S(S,,,S:) and S(S,,,S,).

By applying a combination of binary states to the signals
S-, Sq, etc., 1n a material sample of the circuit tested, 1n such
a way that a logical conjunction found in the preceding
paragraph 1s at 1, a detection of a behavior of the output
signal S, that does not match the binary state change sensed
to have been caused by a binary state change test of the
signal S., or a detection of a behavior of the output signal S,
that does not match the binary state change sensed to have
been caused by a binary state change test of the signal S,
indicates a fault 1n this material sample. A material sample
for which a fault 1s indicated must be declared unfit for use.

Thus, the same binary state profile of signals S, S,, etc.,
makes 1t possible to test whether the change of the signal S,
matches both signals S5 and S,. When such a profile 1s found
by executing steps 61 through 63, a 1t saves time in the
testing of a material sample of the circuit, since this same
profile makes 1t possible to test the change of two diflerent
input signals.

[f the binary decision diagram S(S,,,S5,5,) 1s not present
in step 63 1n the form of a binary decision diagram a(xv-,
XV, . . . ) Independent of xv. and xv,, the signal S, 1s saved
in an auxiliary list 1n order to apply step 61 to 1t, wherein the
signal S, replaces the signal S., so as to detect any equiva-
lent faults with other signals S, S..

After step 64, as long as there are signals S, S, etc. on
which the signal S,, depends, steps 62 and 63 are repeated,
in which each of the signals S, Sq, etc. in turn replaces the
signal S..

This makes it possible to find a common profile for all the
signals that positively vernily step 63 for a given signal S.,.
This common profile makes 1t possible to reduce the dura-
tion of the testing of a material sample of the circuit for these
input signals.

While this mvention has been described 1n conjunction
with specific embodiments thereof, 1t 1s evident that many
alternatives, modifications and variations will be apparent to
those skilled in the art. Accordingly, the preferred embodi-
ments of the invention as set forth herein, are intended to be
illustrative, not limiting. Various changes may be made
without departing from the true spirit and full scope of the
invention as set forth herein and defined 1n the claims.

We claim:

1. A method for indicating, in connection with a physical
clement generating a {irst signal as a function of a second
signal and a plurality of third signals, a combination of states
of said third signals such that a state change of said second
signal changes said first signal from a binary state to a
nonbinary state, wherein two binary decision diagrams are
associated with said first signal, and wherein

a first binary decision diagram includes a first binary

decision subdiagram that encodes a first set of the
combinations of binary states of the third signals for
which the first signal 1s 1n a first binary state or in a
second binary state when the second signal 1s 1n the first
binary state, and a second binary decision subdiagram
that encodes a second set of the combinations of binary
states of the third signals for which the first signal 1s 1n
the first binary state or 1n the second binary state when
the second signal 1s 1n the second binary state, and

a second binary decision diagram includes a third binary

decision subdiagram that encodes a third set of the
combinations of binary states of the third signals for
which the first signal 1s 1n the second binary state or in
a first nonbinary state when the second signal is 1n the
first binary state and a fourth binary decision subdia-
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gram that encodes a fourth set of the combinations of
binary states of the third signals for which the first
signal 1s 1n the second binary state or in the first
nonbinary state when the second signal 1s 1n the second
binary state said method comprising:

a first step that includes forming a first logical combina-
tion of the first, second and fourth binary decision
subdiagrams, 1n order to generate a fifth binary decision
subdiagram that encodes a {ifth set of combinations of
states of said third signals, for which

the first signal 1s 1n a first binary state or a second binary
state when the second signal 1s in the first binary state,

the first signal 1s not 1n the first binary state or the second
binary state when the second signal 1s in the second
binary state, and

the first signal 1s in the second binary state or in the first
nonbinary state when the second signal 1s 1n the second
binary state, so that a change of said second signal,
viewed as a control signal with reverse polarity, from
the second binary state to the first binary state changes
said first signal from a binary state to the first nonbinary
state.

2. A method according to claim 1, wherein a third binary

decision diagram 1s associated with said first signal,

wherein the third binary decision diagram includes a sixth
binary decision subdiagram that encodes a sixth set of
the combinations of binary states of the third signals for
which the first signal 1s 1n a second nonbinary state
when the second signal 1s 1n the first binary state (B),
and a seventh binary decision subdiagram that encodes
a seventh set of the combinations of binary states of the
third signals for which the first signal 1s 1n a second
nonbinary state when the second signal 1s 1n the second
binary state, and

wherein said method further comprises:

a second step that includes forming a second logical
combination of the first, second, fourth, sixth and
seventh binary decision subdiagrams, in order to gen-
crate the fifth binary decision subdiagram which
encodes an eighth set of combinations of states of said
third signals,

wherein the first signal 1s in the second binary state or in
the first nonbinary state when the second signal 1s 1n the
second binary state and the first signal 1s not in the first
binary state or in the second binary state when the
second signal 1s 1n the second binary state or the first
signal 1s 1n the second nonbinary state when the second
signal 1s in the second binary state, and

wherein the first signal 1s 1n the first binary state or in the
second binary state when the second signal 1s 1n the first
binary state and the first signal 1s not in the second
nonbinary state when the second signal 1s 1n the first
binary state, so that a change of said second signal,
viewed as a control signal with reverse polarity, from
the second binary state to the first binary state changes
said first signal from a binary state to the first or the
second nonbinary state.

3. A method according to claim 2, further comprising:

a third step that includes forming a third logical combi-
nation of the first, second and third binary decision
subdiagrams, 1 order to generate an eighth binary
decision subdiagram that encodes a ninth set of com-
binations of states of said third signals, for which

the first signal 1s 1n a first binary state or 1n a second binary
state when the second signal 1s 1n the second binary
state,
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the first signal 1s not in the first binary state or in the
second binary state when the second signal 1s 1n the first
binary state,

the first signal 1s 1n the second binary state or in the first
nonbinary state when the second signal 1s in the first
binary state, so that a change of said second signal,
viewed as a control signal with reverse polarity, from
the first binary state to the second binary state changes
said first signal from a binary state to the first nonbinary
state.

4. A method according to claim 3, further comprising:

a fourth step that includes forming a fourth logical com-
bination of the first, second, third, sixth and seventh
binary decision subdiagrams, in order to generate the
cighth binary decision subdiagram which encodes a
tenth set of combinations of states of said third signals,
for which

the first signal 1s 1n the second binary state or 1n the first
nonbinary state when the second signal 1s in the first
binary state and the first signal 1s not 1n the first binary
state or in the second binary state when the second
signal 1s in the first binary state or the first signal 1s 1n
the second nonbinary state when the second signal 1s 1n
the first binary state, and for which

the first signal 1s 1n the first binary state or in the second
binary state when the second signal 1s i1n the second
binary state and the first signal 1s not 1n the second
nonbinary state when the second signal 1s 1n the second
binary state, so that a change of said second signal,
viewed as a control signal with reverse polarity, from
the first binary state to the second binary state changes
said first signal from a binary state to the first or the
second nonbinary state.

5. A method according to claim 4, further comprising:

a {ifth step that includes forming a fourth binary decision
diagram constituted by the fifth binary decision sub-
diagram when the second signal i1s in the first binary
state and by the eighth binary decision subdiagram
when the second signal 1s 1n the second binary state, so
that a change of said second signal, viewed as control
signal with reverse polarnty, from the first binary state
to the second binary state, or respectively of said
second signal, viewed as a control signal with reverse
polarity, from the first binary state to the second binary
state, changes said first signal from a binary state to the
second or the first nonbinary state.

6. A method according to claim 5, further comprising:

a sixth step that includes forming a fifth logical combi-
nation of the first, second third and fourth binary
decision subdiagrams, 1n order to generate a fifth binary
decision diagram that encodes an eleventh set of com-
binations of states of said third signals, for which

the first signal 1s 1n a first binary state or in a second binary
state when the second signal 1s 1in the first binary state,

the first signal 1s 1n a first binary state or 1n a second binary
state when the second signal 1s in the second binary
state,

the first signal 1s not in the first binary state or in the
second binary state when the second signal 1s 1n the first
binary state, and

the first signal 1s 1n the second binary state or 1n the first
nonbinary state when the second signal is 1n the second
binary state, so that a change of said second signal,
viewed as a control signal with reverse polarity, from
the first binary state to the second binary state, or
respectively from the second binary state to the first
binary state, changes said first signal from the first
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binary state to the second binary state, or respectively
from the second binary state to the first binary state.

7. A method according to claim 6, further comprising:

d

seventh step that includes forming a sixth logical combina-
tion of the fifth logical combination and the sixth and
seventh binary decision subdiagrams, 1n order to generate

the fifth binary decision diagram, which encodes a twelith
set of combinations of states of said third signals, for which

the first signal 1s not 1n a second nonbinary state and t

1C

first s1ignal 1s not 1n the second nonbinary state when t.

1C

second signal 1s in the second binary state, so that a
change of said second signal, viewed as a control signal
with reverse polarity, from the first binary state to the
second binary state, or respectively from the second
binary state to the first binary state, changes said first
signal from the first binary state to the second binary
state, or respectively from the second binary state to the
first binary state.

8. A method according to claim 7, further comprising:

an eighth step that includes forming a seventh logical
combination of the first, second, third and fourth binary
decision subdiagrams, in order to generate a sixth
binary decision diagram that encodes a thirteenth set of
combinations of states of said third signals for which
the first signal 1s 1n a first binary state or 1n a second
binary state when the second signal 1s 1n the first binary
state, wherein

the first signal 1s 1n a first binary state or in a second binary
state when the second signal 1s in the second binary
state,

the first signal 1s in the first binary state or in the second
binary state when the second signal 1s 1n the first binary
state,

the first signal 1s not in the second binary state or in the
first nonbinary state when the second signal i1s 1n the
second binary state, so that a change of said second
signal, viewed as a control signal with reverse polarity,
from the first binary state to the second binary state, or
respectively from the second binary state to the first
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binary state, changes said first signal from the second
binary state to the first binary state, or respectively from
the first binary state to the second binary state.

9. A method according to claim 8, further comprising: a

5 nmnunth step that includes forming an eighth logical combina-
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tion of the seventh logical combination and the sixth and
seventh binary decision subdiagrams, in order to generate
the sixth binary decision diagram, which then encodes a

fourteenth set of combinations of states of said third signals,
for which

the first signal 1s not 1n a second nonbinary state when the
second signal 1s 1n the first binary state, and

the first signal 1s not 1n the second nonbinary state when
the second signal 1s 1n the second binary state, so that
a change of said second signal, viewed as a control
signal with reverse polarnty, from the first binary state
to the second binary state, or respectively from the
second binary state to the first binary state, changes said
first signal from the first binary state to the second
binary state, or respectively from the second binary
state to the first binary state.

10. A method according to claim 9, further comprising:

a tenth step that including forming a first logical disjunc-
tion of the fifth and sixth binary decision diagrams for
a first input signal,

an eleventh step that that includes forming a second
logical disjunction of the fifth and sixth binary decision
diagrams for a second mput signal and that performs a
logical conjunction of the first and second logical
disjunctions,

a twellth step that includes scanning the binary decision
diagram corresponding to the logical conjunction
obtained in the eleventh step 11 said corresponding
binary decision diagram depends on binary states of
signals different from the signals, 1n order to obtain a
logical conjunction of binary states of signals.
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